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From multiple perspectives science education is an important domain in the life of 
children in contemporary society.  From one perspective the sustainability of our 
current lifestyle and wellbeing is dependent on attracting the most creative and 
talented individuals to pursue careers in science.  Identifying those who are gifted in 
science, cultivating those gifts and providing opportunities for the gifted to explore 
their interests to the fullness of their ability are significant goals in the education of 
gifted children. This purpose of this paper is to explore how teachers and 
parents can help those gifted students with passionate interests in science by 
examining three broad issues: First, what features characterise the child who is 
gifted in science; Second, curricula and pedagogical approaches that afford talent 
development in science, and third, the resources, including human that are necessary 
and available to assist teachers and parents to provide enriching learning 
experiences.  
 
 In addressing these issues I will draw upon research and experience from working 
with many gifted children in science to demonstrate how they often show particular 
intellectual propensities, for example a disposition to processing information 
spatially, an intense curiosity about their surroundings and preparedness to engage in 
risk taking ventures. These characteristics are of particular significance in identifying 
those children with particular gifts in science.  In working with gifted students the 
importance of curricular experiences that provide opportunities for students to 
engage in authentic tasks without time constraints and among like-minded 
committed individuals are critical features of programs will be outlined with specific 
examples of strategies and approaches. Finally, I will outline the scope of resources 
and the role of mentors, parents and support organisations in developing appropriate 
learning experiences for the scientifically gifted student. 
 
 
It is not the possession of truth, but the success which attends the seeking after it, that enriches 
the seeker and brings happiness to him. Max Planck (1858-1947) German physicist. (Nobel 
prize, 1918). 
 
Although the literature is replete with models and advice on the education of gifted 
students, there are few examples of good practice applied to science.  Regular classroom 
teachers make few accommodations for gifted students, despite evidence that these 
students have mastered significant portions of the regular curriculum.  Developing 
effective curriculum that addresses individual needs seems obvious and is advocated in 
most curriculum guidelines, policies, or educational syllabi.  Mainstream science educators 
would argue that implementing good practice based on contemporary theories of learning 
suffices to meet the needs of the gifted.  In part, this is an acceptable proposition, however, 
in reality; the demands of supporting less able students dominate classroom practices. The 
pacing of lessons and the depth of content necessary to challenge the gifted is rarely 
achieved. Indeed, pedagogical and curriculum practices that do not cater for gifted 
students’ specific needs may even exacerbate failure.   
 
In this paper I will focus on three areas of concern and propose some solutions or strategies 
to address these concerns.  Interest in science among children is acknowledged generally to 
wane when students reach the upper primary school.  In part, this is a consequence of 
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science becoming less meaningful and more text-book oriented.  The exceptional teacher 
who challenges and enthuses their students is often reported as more inquiry oriented and 
is able to engage students in learning by doing, not reading. In the absence of a stimulating 
learning environment, many gifted children sustain interest through out-of-school activities 
such as Science Centres, or excursions organised by their parents. However, as their 
knowledge develops they soon out strip the support available at home and at school and 
need specialist curriculum interventions.  It is at this point that the science as a discipline in 
its own right assumes more significance in their lives, they become passionate about topics 
of fascination.  
 
Given the education of gifted students in science is of paramount importance from a 
national interest perspective; it is also of importance that their curiosity and interests from 
a personal perspective are supported.  Thus to begin with, some contrasts between school 
science and “real” science will be drawn to illustrate how the culture of the classroom and 
teacher beliefs influence the pedagogical approaches adopted. Secondly, I will draw upon 
the well-established principles of differentiation to examine how these might be applied in 
the context of science. Thirdly, I will conclude with some strategies and resources to 
explore ways of developing content that is appropriate to challenge the gifted. 
 
The Problem: Science is a verb 
The first concern is the implicit belief that people have about science. For many, 
excellence in science is often equated with a deep knowledge of some esoteric 
phenomenon.  The child who has a passionate interest in dinosaurs and can recite all the 
names and details is often viewed as gifted. This capacity by itself is not sufficient. A good 
memory is important but more important is the passion and skills to find out and use 
information. After all, it is the “exemplary producer of ideas” who becomes the eminent 
and talented scientist (Tannenbaum, 2003). 
 
Humans have displayed a curiosity about, and a desire to explore, the unknown since 
prehistory. Seeking understanding and using that understanding to solve problems is the 
basis of science and technology. Even in prehistory those most valued in society included 
the herbalist, the predictor of the seasons and the skilled artisans who developed the tools 
of society.  The seeking of truth through testing of ideas against experience underpins 
science as an alternative system of beliefs to religions and faith. Over millennia, science 
has impinged on and improved almost every facet of our everyday lives.  So it is not 
surprising that young children and adolescents are innately curious about their 
environment, about relationships and about themselves.  Formalising this curiosity as the 
study of science in primary school and secondary school in many instances removes the 
conditions to sustain curiosity. School science is by and large boring and for many 
adolescents totally unrelated to their lives. The challenge facing those interested in science 
education is to develop curricula that offer greater flexibility, relevance and genuine choice 
to cope with the diversity of students’ capabilities, interests and aspirations.  While trying 
to meet this challenge we also must be conscious that only a small number of students will 
proceed to become scientists, mathematicians, engineers, medical practitioners, and other 
science related professions. In this paper I am unapologetically concerned with those 
students who have the greatest promise to contribute to science and whose passions are 
excited by science can be supported.   
 
My first proposition is that the characteristics of children deemed gifted in science relate to 
a passion about exploration of the natural world (See Table 1) - sciencing. Roeper argues 
that this is the result of an attempt to understand the “strange chaos of sound, sight, odours, 
touches, taste, vibrations … and all other sensations and experiences around them” 
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(Roeper, 1988). The physical sciences allow children to seek safety in the dependability 
perceived in nature but not in human relations. 
 
Sciencing is the creative exploration of meaning in the natural world. It requires both 
observing and thinking.  The former is commonplace in schools where students have 
opportunities to undertake practical work but the latter rarely follows.  Sharing ideas 
provide the stimulus for discussion, learning, and creativity:  
 
"Many ideas grow better when transplanted into another mind than in the one 
where they sprang up."  
-- Oliver Wendell Holmes. 
"If at first, the idea is not absurd, there is no hope for it."  
-- Albert Einstein 
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Table 1 
Characteristics of students gifted in science 
Characteristic Explanation 
Seek meaning and explanation of phenomena A passion for exploration and finding out about 
things.  They posses a questioning nature. They 
tend to read scientific or factual books – 
dictionaries – rather than fiction. They prefer to 
watch documentaries or nature programs on TV. 
Personal drive or disposition to engage in long 
term explorations. 
An awareness of the complexities of the world 
and sensitivity to the environment including life 
and death. 
Gifted children are sensitive to their 
environment and seek to organize it, structure it 
and understand its complexity 
Often categorise natural phenomena in abstract 
ways 
Sorting out items the scientifically gifted child 
might sort on the basis of composition whereas 
less able students would sort on use, shape, 
colour or surface features. 
Often exhibit intensive interest in particular 
areas of science and persist in exploring these 
areas and understanding concepts. 
Younger students might explore dinosaurs or 
astronomy to the extreme, well beyond the 
interest level of peers.  In high school display 
persistence and willingness to work beyond 
ordinary schedules often in the face of physical 
discomfort. 
Will engage in collection of materials – stamps, 
insects, objects. 
A passion to accumulate as much information 
about classes of objects as is possible. 
Collecting allows for investigation, persistence 
and commitment. 
Are tinkers wanting to pull objects apart and 
reassemble 
Intrinsic interest in how thing work and a desire 
to discover for themselves.  This behaviour 
reveals a strong investigative nature. They will 
often build their own instruments to conduct 
investigations. 
Passionate interest in the origins of things. Represents the child’s need to explain where 
they come from leading to an understanding of 
past and future.  
Builders and constructors, puzzle solvers, 
detailed artistic representations, well developed 
sense of space 
The scientifically gifted often have strong 
visualization skills and in adult hood often 
reason through diagrams and spatial models. 
Evident in the search for patterns in phenomena. 
Will gravitate towards people who are expert in 
fields of interest. 
They seek like minds and mentors who are able 
to satisfy their insatiable appetite. 
Often anxious and single minded in explaining 
their ideas. 
They assume that others are interested in what 
they are and wish to share their interests.  
Source: Drawn from multiple sources Roeper (1988); Rakow, (1988); (Watters & Diezmann 1997); 
  
 
However, effective and creative problem solving would seem to depend on the breadth of 
experience in problem solving tasks.  There are two concerns here. First, the nature of 
problems presented in schools is so artificial as to be useless and secondly opportunities for 
self-expression and individual achievements are minimal, and second, the learning 
environment ignores the real context of scientific practices.  
 
Dumbing down: School problems are “dumbed down” providing little opportunity for the 
most intelligent to be stretched in ways they are appropriate (Gardner & Sternberg, 1994).  
For example, there is much debate about the teaching of chemistry in primary schools 
(Nelson, 2002).  Recent research (e.g. Johnson,1998; Leisten,1995) indicates that 
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understanding the structure of matter in terms of particles, such as atoms and molecules, 
can enhance pupils ’ conceptual understanding of more complex phenomena. However, 
few teachers in primary schools would attempt this level of work despite strong interest 
from many gifted students to explore these concepts.  
 
The culture of science: Extensive research in the area of giftedness has shown the 
importance of a stimulating environment (Gagné, 1991) to support the development of 
talent and foster passion areas.  It is the learning environment that the educational system 
has the greatest potential to address.  School science is remote from the intellectually 
curious world of professional science (Table 2).   
 
Professional science is a community of practice, based on a distribution of practitioners, 
ideas and debate across the social structure of scientific institutions. Scientific practice, 
“includes a scientist's professional language; the questions she identifies as significant; the 
statements she accepts; the patterns of explanation, or schemata, she accepts; the examples 
of, and criteria for, credible informants; the paradigms of experimentation and observation, 
including the instruments that she considers reliable; and the exemplars of good and faulty 
scientific reasoning” (Kitcher, 1993, p. 74). The advancement of science depends, in part, 
on working to improve the community of discourse.  Scientists, it seems, design social 
structures as well as experiments.  Regrettably, passion in science is rarely fostered in the 
majority of classrooms despite the clear interest in many children, especially those in the 
primary years in science. Students must be at the centre of the creation of knowledge in 
classrooms throughout their schooling, gaining the critical understandings and skills to 
contribute effectively to society and to achieve self-actualisation. The creation of 
knowledge requires attention to issues of assessment and reporting. Assessment of 
students’ performances in science for the most part is still norm referenced, group oriented 
and focussed on reproduction of knowledge and not the production of knowledge.  It is the 
production of ideas and creativity that exemplifies real science which forms the basis of 
programming for the gifted in schools. 
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Table 2 
Implications of a contrasting school and world science cultures 
School Science World Science Action needed 
The rewards in school science are 
given for the retention of “facts”. 
The rewards in science emerge 
from the search for understanding. 
Problem identification 
Problems are well defined and 
devised by teachers, curriculum 
designers or publishers 
Problems are ill-defined and 
identified by practitioners – 
problem identification is as 
important as problem solution 
Student-centred 
investigation  
Focus is on communicating 
content, facts or on testing 
established theories 
Focus is on finding out the 
unknown or generating theory 
Recognise the uncertain 
nature of science  
Information is provided by the 
teacher or text book 
Information is gleaned from 
multiple sources 
Focus on developing 
information literacy and  
harnessing curiosity 
There is assumed to be a right 
answer to a problem (failures are 
attributed to methodology) 
Failure is important as an outcome 
of testing a theory – experience is 
the greatest teacher. 
Develop resilience and 
capitalise on anomalies 
Science content is discrete based 
on technical rationality with 
systems being considered in 
isolation or clustered as 
traditional disciplines 
Content is integrated and 
wholistic.  Social, economic and 
ethical issues are significant 
considerations with reliance on 
skills of persuasion and argument 
Identify complex, integrated 
problems 
Individualistic focus, 
competitive, normative 
assessment 
Group focus, teamwork, 
collaboration, authentic 
performance assessment 
Collaborative team work, 
foster individual freedom to 
explore 
School science occurs for 40-70 
mins per day 
Science permeates every moment 
of a scientist’s life 
Encourage on-going, long 
term tasks that can  
The discourse in classrooms is 
orchestrated by teacher-student 
dialogue and questioning – the 
Ten Commandments View or 
Triadic Dialogue – Question-
Answer-Evaluation 
The discourse in laboratories is 
around argumentation, and 
reasoning from evidence – the 
creative process 
Foster debate, argumentation 
and develop discursive 
practices that enable students 
to present and defend ideas 
Extrinsic motivation, rewards as 
grades 
Intrinsic motivation, joy of 
discovery, social status 
Reward of discovery, 
provide opportunities for 
public display 
Science conducted in isolation of 
ethics and moral questions 
Human welfare, ethics and 
morality are integral to scientific 
research 
Examine social justice 
problems and ethical 
implications of science 
 
 
An inquiry approach – playing with ideas 
Playing with ideas is foundational to creativity (Bruner, 1985; Clements, 1995). Bruner 
demonstrated that when children are encouraged to first play with materials and investigate 
possibilities they are far more creative in solving problems with those materials. Long 
before this era of research, Dewey, Pistalozzi and others had recognised the value of 
investigations and inquiry approaches. Various reports have now advocated an inquiry-
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based approach to teaching and learning (Curriculum Corporation, 1994; National 
Research Council [NRC], 1995, 2000) to enable students to engage purposefully in the 
learning of science.  In Australia, National Statements in science emphasised working 
scientifically as important reforms consistent with international trends. Although advocated 
for the best part of the last century (Dewey, 1910; Schwab, 1966), the adoption of inquiry 
approaches by teachers has been problematic.  The essence of inquiry approaches is the 
generation of a thinking classroom in which students are able to identify and explore 
authentic problems (Costa, 1991; Perkins, 1992). Students are often engaged in solving 
different problems so teachers must coordinate action with many students.  Teachers must 
learn to play a unique role of structuring and guiding student activities in the class- room 
without taking away the students ’active role (Polman & Pea, 2001).  Students are enthused 
by learning and assume the responsibilities for their own development. All must 
acknowledge and understand the cultural practices in which they are taking part assimilate 
the practices of science (Coburn & Aikenhead, 1998. Thus, an inquiry classroom begins 
with: 
 
1. Sustained examination of a few topics rather than a superficial coverage of many,  
2. Teachers asking challenging questions and/or structuring challenging tasks that 
push students toward application and transfer of skills and knowledge,  
3. Students being given an appropriate amount of time to think and prepare responses 
to questions,  
4. Teachers trying to get students to generate original and unconventional ideas, 
explanations, or solutions to problems,  
5. Students ideas and thoughts being taken seriously and considered worthy of further 
exploration and discussion, and  
6. Students offering explanations and reasons for their conclusions and assuming the 
roles of questioner and critic (Ritchhart, nd).  
 
All this is happening in a context where students of different abilities are engaged in 
different tasks. Providing the appropriate level of support that challenges all students is a 
difficult challenge. Although teachers can adopt effective pedagogical practices to 
implement such inquiry-based learning, such change is complex and difficult to sustain 
(Diezmann & Watters, 1998; Watters, Diezmann, & McRobbie, 1997; Watters et al, 2000).  
Inquiry based approaches have long been advocated in gifted education and such models as 
the Autonomous Learner Model (Betts, 1985), The Enrichment Triad (Renzulli & Reis, 
1985), Problem Based Learning (College of William & Mary, 1997, Gallagher, 2001) and 
Self-Directed Learning Model (Treffinger, 1975) are predicated on student-centred, 
autonomous learning approaches. The problem is the all too familiar issue of 
differentiation. So what does a curriculum for the gifted in science look like? 
 
Curriculum for the gifted 
Curriculum differentiation is advocated as a realistic approach to meeting the needs of high 
ability and gifted children.  In the Australian context, there is much debate about the need 
for differentiation and the feasibility of implementing such approaches (Flood, 1999).  
Although the majority of teachers support differentiation in principle, only a small 
minority accepts that it can be effectively implemented. A differentiated curriculum can 
provide the basis for discovering, serving and nurturing academic giftedness.  
Differentiation provides tools to vary the curriculum so that students who have already 
mastered given material can progress or whose potential giftedness is not cultivated by the 
standard curriculum can pursue an area in greater depth. Tomlinson has also concentrated 
effort on how to differentiate instruction in mixed-ability classrooms (1996; 1997) and 
suggests that content, teaching processes and the environment can be differentiated.  
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Given that at the core of any curriculum innovation is the set of beliefs that are held by 
teachers, it is important to address a number of issues.  Reflecting on our beliefs about 
learning and about the nature of science is crucial to establish effective ways of 
implementing a differentiated approach to instruction in science. 
 
The provision of enrichment for students with exceptional intellectual abilities is an 
affirmative action initiative that attempts to ensure equality of opportunity by meeting the 
needs of all students.  However, enrichment practices need to be carefully and deliberately 
implemented with planning, monitoring and evaluation.  Indeed the administration of 
effective enrichment may be a source of consternation and resistance to action.  More of 
the same type of work, the quick puzzle, the set of lateral thinking problems that in the 
short term may be entertaining and satisfying represent a quick fix without permanent 
intervention.  Many programs for gifted students are based on the provision of the next 
grade level of work or moving the student into more advanced content. Gifted students can 
assimilate knowledge rapidly but they need opportunities to use that knowledge 
productively.   
 
A differentiated curriculum can provide the basis for discovering, serving and nurturing 
academic giftedness.  Differentiation provides tools to vary the curriculum so that students 
who have already mastered given material can progress or whose potential giftedness is not 
cultivated by the standard curriculum can pursue an area in greater depth.  Differentiation 
can occur at the classroom level or at the school level.  In exploring the differentiated 
curriculum I will examine how content, teaching processes and the environment can be 
differentiated. 
 
Maker (1982) identified four aspects of a curriculum which need to be addressed if it is to 
be differentiated for gifted learners. These addressed content, process, environment, and 
products. 
 
Modifying content 
Most recognise that the content of what should be learnt in a gifted education program 
should be significant and given the particular attributes of the gifted be recognised for its 
complexity, abstractness and organised around key conceptual ideas (Bruner, 1960).  
Dewey’s theory of learning is that people optimally learn, and human development and 
growth occur, when they are confronted with substantive, real problems to solve. Given 
their advanced learning capabilities the gifted are best served by thematic, broad-based, 
and integrative content, rather than just single-subject material (Watters & Diezmann, 
2000).  Nevertheless, Van Tassel Baska (2003) argues that it is prudent to build 
foundational programs around the basic domains of knowledge – the sciences, 
mathematics, the humanities and the social sciences.  Organising content around complex, 
integrated problems requires students to identify what information they need to understand 
the problem and then how to apply that information to reach a solution to the problem. In 
solving complex problems, students also come to understand the procedural knowledge 
that underpins science. That is, they come to understand what really means to work 
scientifically, and to use equipment or mathematical tools to enhance data collection and 
analysis.   
 
Gifted students have a high sense of social responsibility and frequently have an interest in 
solving meaningful, significant world or local problems seeing beyond the discipline areas.  
In lower primary this is not all that different from normal curriculum practices but it needs 
to be appreciated that gifted students are likely to be faster, more intensely involved and 
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more abstract in their approach and solutions to problems.  By high school, they have the 
maturity and insight to devise their own projects in which they can explore problems of 
interest to them.  Problem based learning through inquiry may be implemented 
individually with students undertaking projects for entry into the numerous competitions 
that exist or may be implemented through enrichment programmes.  Even in regular 
classes, a community of inquiry can be established.  The open-ended nature of such 
problem solving allows all students to explore issues to the extent and depth that they can 
be challenged.  The more able students can be encouraged, guided and expected to produce 
outcomes at a much higher level.  
 
When engaging in complex problems, students are challenged to think, to reason and to 
explain and justify their thoughts.  Higher-level thinking can be developed in classrooms 
through programs that draw upon Bloom’s Taxonomy (Bloom, 1956) or deBono’s (1985; 
1986) techniques.  Whilst these strategies may be useful as heuristics to encourage creative 
or critical thinking, they are often devoid of context.  Learning in science requires students 
to be engaged in making sense of the environment and thus to become scientifically 
literate.  Content is important.  Coleman (2003) draws upon a range of strategies that 
include the use of advanced organizers; concept maps; essential questions; and focus 
concepts to engage students in deep conceptual understanding.  
 
Modifying process 
The role of teaching and teachers in the learning process is under challenge as an outcome 
of contemporary understanding of how students come to acquire knowledge and our 
changing beliefs about the nature of scientific knowledge.  Cognitive development does 
not proceed through innate age-based developmental thresholds but it is the product of 
social and cultural interaction around the development and use of tools (Cole, 1996), tools 
of a cognitive, linguistic, physical and electronic nature. Knowledge is an individual and 
socially facilitated construction.  It is a representation of personal experiences.  Knowledge 
cannot be acquired or concepts understood by the transmissive approach often seen in 
classrooms where students copy copious notes into workbooks.  Understanding requires 
active engagement by the learner in making sense of new experiences.  However, teachers 
play a vital role as guides, collaborators and learners in this same process.  Teachers are 
models and catalysts for learning.  The focus on the teacher as expert is central to 
Vygotsky’s learning theory.  
 
Thinking and learning can be developed through what Collins, Brown and Newman (1989) 
have described as cognitive apprenticeship (Table 3).  These approaches are dependent on 
teachers helping students assimilate new experiences into existing knowledge structures 
through modelling and scaffolding.  Research on interactions between very young children 
and parents has shown the importance of adults who demonstrate a learning orientation 
rather than a performance goal and hence emphasise problem solving and metacognition 
rather than merely knowledge accumulation (Moss & Strayer, 1990; Renshaw & Gardner, 
1990).  Cognitive apprenticeship implies responsibilities for both students and teachers.  
The teachers through modelling, coaching and scaffolding provide the impetus for students 
to engage in articulation, reflection and exploration.  Clearly, it is important that the 
student does respond accordingly if the process is to be successful. 
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Table 3 
Elements of cognitive apprenticeship (adopted from Collins, Brown & Newman, 1989) 
Modelling teacher demonstrates the thought processes in 
expert performance   
Teacher: I think that I would do it this 
way, let’s try this, I know how to do it... I 
wonder why it is like that? 
Coaching teacher focuses on helping with problems 
while students are in the process of problem 
solving  
Teacher: You are going well, Nearly 
there, 
Scaffolding teacher provides external problem solving 
support which is slowly withdrawn as 
students become more competent  
Teacher: Well first what do we know?  
The first step is to check… 
Articulation students verbalise or demonstrate their own 
knowledge and processes in a domain  
Teacher: Tell me about what you have 
done?  Why is it like that?  How do you 
know that is right? 
Reflection students compare problem solving processes 
with peers or adult model   
Students: How did you do it?  I did it this 
way 
Exploration students seek out independently new 
problems 
Opportunity and encouragement to 
explore 
 
Modifying the environment 
Gifted students learn best in a receptive, non-judgemental, risk-free environment that 
encourages scholarship and a central purpose ⎯ a community of learners (Brown & 
Campione, 1990).  There is a need to be accepted for their uniqueness, and latitude provided to 
enable them to explore areas of interest that might be out of the usual. They often have difficulty 
communicating with their chronological peers about academic matters and prefer to 
associate with older children or adults.  Often peer pressure and a desire to conform 
suppresses their enthusiasm for learning with the subsequent danger of under-achievement 
and behavioural disturbances.  It is essential to provide gifted students with an environment 
where risk-taking is tolerated, where ideas are cherished and encouraged (irrespective of 
conformity) and where independence, creativity and autonomy are the norm.  Such 
learning environments should also be tolerant of learning styles, strengths and idiosyncratic 
behaviours that in a normal classroom may be disruptive.  For example, gifted students 
often like to work undisturbed for lengthy periods but when the task is sufficiently 
challenging, they will seek capable peers to exchange ideas and pool resources (Diezmann 
& Watters, 2001). 
 
Such environments can be instigated within a regular classroom but also by the 
establishment of special “pullout” classes for gifted students.  Pull-out classes involve 
students attending a class timetabled either within the normal class time or after school.  
Gifted students need opportunities to interact with peers of similar interest and abilities to 
overcome feelings of isolation and low self-esteem.  The pull-out option is of particular 
value in the high school where students with high ability or motivation towards science can 
come together as a group in a special class for the purpose of undertaking school-based 
science research.  Such initiatives have proven to be very successful but there is the need 
for a highly dedicated teacher with considerable energy to provide logistical and 
pedagogical support.  Students undertaking independent studies, either individually or as 
groups require sensitive and skilled mentors, support for obtaining resources and 
considerable guidance during their project.  Mentors, such as retired engineers or 
university academics, also need to be aware of the capability and experiences of students to 
avoid overwhelming them with information or setting too high expectations.  The 
establishment of enrichment or extension classes also requires the strong support of other 
teachers, the administration and parents.  Many gifted students, if they have persisted with 
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science, are concerned about grades and acquiring basic “knowledge” and may not value 
the opportunity to develop independent problem solving skills ⎯ behaviours not always 
valued in traditional science classes.   
 
The main outcome of an effective learning environment is an engaged student. Jones, 
Valdez, Nowakowski and Rasmussen (1995) have described assessment of student 
engagement (Table 4).   
 
Modifying products 
An important feature of science that distinguishes it from what happens in classrooms is 
the outcomes of the scientific process.  Science is defined as much by what it does and how 
it is done rather than its outcomes. Researchers and scholars in science disseminate ideas, 
defend conjectures and build theories on the basis of evidence that they have accumulated.  
They do not do multiple choice tests or quizzes to reveal their understanding. The 
assessment approaches used to report on students’ performance should encourage teachers 
to focus on their ability to understand and interpret scientific information, and to use this 
information to generate, at least for them, new knowledge. Sternberg and Zhang (1995) 
argue that an important attribute of the gifted is their capacity to generate new ideas and 
hence authentic assessment practices in which performance is evaluated is a necessity.  A 
successful strategy that can be used accommodates learning styles and enables students to 
report publicly on their learning. For example, students exploring a common theme in 
science – say palaeontology might convene a conference in which different students 
present their findings. The use of portfolios is advocated as authentic assessment 
instruments and hence students can create portfolios, including electronic portfolios, to 
demonstrate understanding and build new understanding. Other strategies reported to be 
useful include including science logs, performance assessment, creative drama, 
scrapbooks, and interviews (Kaman, 1996).
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Table 4 
Engaged Learning Indicators 
Variable Indicator Indicator Definition 
Vision of 
Learning 
Responsible for 
learning  
Strategic  
Energized by learning 
Collaborative 
• Learner involved in setting goals, choosing tasks, 
developing assessments and standards for the tasks; has 
big picture of learning and next steps in mind 
• Learner actively develops repertoire of 
thinking/learning strategies Learner is not dependent on 
rewards from others; has a passion for learning  
• Learner develops new ideas and understanding in 
conversations and work with others 
Tasks Authentic  
Challenging  
Multidisciplinary 
• Pertains to real world, may be addressed to personal 
interest  
• Difficult enough to be interesting but not totally 
frustrating, usually sustained Involves integrating 
disciplines to solve problems and address issues 
Assessment Performance-based  
Generative  
Seamless and 
ongoing  
Equitable 
• Involving a performance or demonstration, usually for a 
real audience and useful purpose  
• Assessments having meaning for learner; maybe 
produce information, product, service  
• Assessments in part of instruction and vice versa; 
students learn during assessment  
• Assessment is culture fair 
Instructional 
Model 
Interactive  
Generative  
• Teacher or technology program responsive to student 
needs, requests (e.g., menu driven)  
• Instruction oriented to constructing meaning; providing 
meaningful activities/experiences 
Learning 
Context 
Collaborative  
Knowledge-building 
Empathetic 
• Instruction conceptualizes students as part of learning 
community; activities are collaborative 
• Learning experiences set up to bring multiple 
perspectives to solve problems such that each 
perspective contributes to shared understanding for all; 
goes beyond brainstorming  
• Learning environment and experiences set up for 
valuing diversity, multiple perspectives, strengths 
Grouping Heterogeneous  
Equitable  
Flexible 
• Small groups with persons from different ability levels 
and backgrounds  
• Small groups organized so that over time all students 
have challenging learning tasks/experiences  
• Different groups organized for different instructional 
purposes so each person is a member of different 
groups; works with different people 
Teacher Roles Facilitator  
Guide  
Co-learner / co-
investigator  
• Engages in negotiation, stimulates and monitors 
discussion and project work but does not control.  
• Helps students to construct their own meaning by 
modeling, mediating, explaining when needed, 
redirecting focus, providing options  
• Teacher considers self as learner; willing to take risks to 
explore areas outside his or her expertise; collaborates 
with other teachers and practicing professionals 
Student Roles Explorer  
Cognitive Apprentice 
Teacher  
Producer  
• Students have opportunities to explore new ideas/tools; 
push the envelope in ideas and research  
• Learning is situated in relationship with mentor who 
coaches students to develop ideas and skills that 
simulate the role of practicing professionals (i.e., 
engage in real research)  
• Students encouraged to teach others in formal and 
informal contexts Students develop products of real use 
to themselves and others  
Source: Jones, Valdez, Nowakowski & Rasmussen. (1995).  
 12
 
Some Examples 
The third objective of this presentation is the content of a gifted program in science.   
 
School 1. An urban school 
By way of illustration picture an Urban Private school. It is grade 8 and the students are 
discussing a previous science lesson. This scene is not unique either within the unit of 
study at the school or among schools.  
 
J  “We normally sit in front of the teacher” 
D  “And she writes stuff on the board” 
A  “ ... and we write it down” 
C  “a lot” 
A  “the teacher talks” 
D  “Normal science, you just sat there and you fall asleep. 
C  “And you’d just watch the Suncorp clock tick by.” 
D  “And then it goes backwards and you’re going ahhhhhhh!” 
E  2.06, and then it goes 2.05 ... and you think ‘No’.” 
 
What is typified in this lesson is the belief that content can be delivered packaged in 
uniform box and absorbed by students as if they were tissues soaking up water. The teacher 
probably assumes that the students are engaging with her ideas but obviously they are not. 
Learning is not the outcome of teaching. 
 
The American Academy of Science in its Project 2061vision for enhanced teaching of 
science described the elements of effective teaching (Rutherford & Ahlgren, 1989).  
 
Be inquiry oriented: 
• Start With Questions About Nature 
• Engage Students Actively 
• Concentrate on the Collection and Use of Evidence 
• Provide Historical Perspectives 
• Insist on Clear Expression 
• Use a Team Approach 
• Do Not Separate Knowing From Finding Out 
• Deemphasize the Memorization of Technical Vocabulary 
 
Reflect scientific values and the culture of science 
• Welcome curiosity 
• Reward creativity 
• Encourage a Spirit of Healthy Questioning 
• Avoid Dogmatism 
• Promote Aesthetic Responses 
 
Develop emotional responses 
• Addressing perfectionism 
• Developing self-efficacy 
 
 
Planning a trip to Mars.  (Grade 8, Biology) 
The class was provided with a general challenge to plan a expedition to Mars.  The 
constraints were that the focus was to be on biology and especially invertebrate biology. 
Hence, the outcomes that students need to display related to enhanced knowledge of 
biology.  Over a period of some eight weeks students worked in small groups of 3-4 to 
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explore the challenge. Most investigated aspects of insect physiology that might be 
advantageous or otherwise in supporting the establishment of life on Mars. For example, 
one group studied cockroaches to ascertain the extent that they might dominate insect life. 
Tasks involved the generation of hypotheses, design of experiments, acquisition of 
resources and the implementation of laboratory investigations (Watters & Ginns, 1999). 
The transformation in interest in science by the students during this problem is clear from 
the reports at the conclusion:  
 
It’s like we’re all working as a team - as a community, like you said - but we’re all 
working on individual things but in the end it all comes together to be a group 
community goal, like, achievement. 
 
At the start of the term, none of us knew anything about invertebrates or anything like 
that, and now at the end of the term we’ve learnt heaps of stuff. If we had learnt about 
invertebrates in the format of first and second term, I would not know it as well. 
 
This class involved students of all abilities and by challenging students with an open-ended 
question a considerable range of outcomes were achieved. The higher ability students 
explored the use of artificial atmospheres involving carbon dioxide generated from dry ice 
to ascertain living conditions and survival rates of cockroaches. Their studies took them 
into the physiology of insects. In contrast, some students with little interest or ability in 
science were able to explore more relevant tasks such as the design and construction of 
habitats made from modelling clay.  This approach demonstrates that long term 
investigations of any sort naturally lead students through a huge range of ideas that span 
many disciplines and afford opportunities for students to identify areas of passion. 
 
Modifying content also provided opportunities for students in another Year 8 class to 
explore open ended problems which engaged them in extended investigations (Watters, 
2000). 
 
School 2.  Provincial City State High School 
Again, students’ perceptions of science while interesting were certainly not generating 
passions.  The most able students in the class disregarded any intentions of pursuing a 
career in science.  In a typical fashion the novelty of Bunsen burners and dreariness of 
texts emerged in discussions. 
 
Interviewer: What did you do in first term here? 
Student 1 We learnt how to use equipment 
Student 2 Bunsen burner 
Student 3 We did like some dissections of chicken wings 
Interviewer Was that interesting? 
Student 1 When we dissected a chicken wing it was fun 
Student 2 We ripped it apart 
Student 3 What we always used to do was to write what we were going to do  
Student 1 We followed the book 
 
Within the topic of Investigating solutions and solubility, students were presented with 
some options. They were given the opportunity to select one of four different possible 
projects of which one was the development of a formula for a new lemonade.  This project 
was undertaken over a ten-week period. The students explored the problem from a number 
of perspectives. They surveyed students and staff on preferred tastes. They sought 
assistance from the home economics teachers on food preparation and recipes for 
lemonade. They developed labels using graphics packages under the supervision of the IT 
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teacher and they explored the relative properties of ingredients such as citric acid, ascorbic 
acid, flavours and carbon dioxide. Finally, they designed, resourced and tested their 
proposed formula and followed up with field-testing among students and staff. The 
complexity and relevance of the task engaged the students to such an extent that it was 
necessary to open the laboratory for lunch time sessions on a number of occasions.  
 
All students undertook this task with considerable commitment but the ablest demonstrated 
substantial outcomes across a number of dimensions especially the capacity to work 
independently and evaluate their own learning. Of significance was the concluding event in 
which students shared through poster and oral presentations the outcomes of their learning. 
The sharing of lemonade was highly affirming for them.  
 
The teacher – initially somewhat sceptical – but keen to observe, provided these reflections 
in an concluding interview in particular recognising that one of the gifted girls who 
previously had little interest in science had changed her level of involvement: 
 
If they were going to be a fisherman for crying out loud to know about the or weather 
and tides we gave them the tools to say to go and look up something or go and find out 
something or at least to be able to use no not use to gather the information they require 
and that is what I think these guys have just started to do. They’ve realised that they 
got to find out certain things that they didn’t know how to do initially.  Gradually over 
the days they took the initiative themselves and have said ‘right-o I’ve got to do this, 
how am I going to do it’.  Whereas before, me, I would probably say this is what we 
are going to do and this is how we are going to do it.  Whereas I think for life in the 
long term you have to work it out for yourself.  These are the sort of things these kids 
were starting to get and given the year with the one person to develop these ideas it 
would be great.  And I think even it would be great for the lower achievers would be 
great because they still have to question how am I going to get there and what am I 
gong to do it, and they do realise that they will have to rely on somebody.  The likes of 
Cathy can have fun with it and become a leader.  I think that is part of growing up. 
 
However, his major concern was to cope with the complexity and planning: 
 
A limitation is the ability of the teacher to think up problems - to think up 
experiments.  I have to go to a whole pile of books.  I cannot do that on my own. 
 
Ideas 
As acknowledged by the teacher in the above example, the identification of problems is 
difficult. Problems need to be rich enough to generate questions for exploration. Students 
need to be able to access sufficient relevant knowledge to achieve a worthwhile outcome 
and the resources necessary to do the project must be available. However, the task is not as 
difficult as one might assume because gifted students are prolific with investigable ideas. It 
is a matter of knowing which are feasible to pursue in the given context. Finding a problem 
is the major achievement in a scientific project and this fact in itself should be emphasized 
with gifted students.  
 
Although there are myriad of books on science fairs (Bonnet & Kee, 2000; VanCleave, 
1997; Vecchione, 1994) and a large range of websites that provide some ideas for inquiry 
learning (e.g. The Why Files http://whyfiles.org/), the most important task for the teacher is 
to provide the context for students to generate ideas and investigable questions. For 
example, the following points illustrate the steps a teacher could follow in supporting 
students to generate ideas and to develop an investigation to test these ideas: 
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• Brainstorming to identify problems and possible solutions and test them  
• Guidance for students to design their own procedures and data analysis 
• Critical thinking strategies to formulate new questions based on their previous ideas 
• Support to link students experiences to activities, science concepts and science 
principles 
• Strategies to share and discuss questions, procedures, products and solutions.   
 
Conclusion 
In this paper, I have addressed three issues concerning effective science programming for 
gifted students. Firstly, an effective program attempts to recognize that scientific “facts” 
and “information” although important, is secondary to the process of sciencing. Real 
science focuses on the way knowledge is generated and hence science classes should 
provide opportunities for the generation of knowledge. There are significant implications 
for how teachers interact with students and the way they scaffold knowledge. However, 
there is substantial guidance on how students can be effectively scaffolded to engage 
critically and creatively in posing questions and generating solutions that lead to enhanced 
knowledge and understanding. Secondly, I drew upon the well-established principles of 
differentiation to examine how these might be applied in the context of science. I 
emphasized the need to address issues of environment, process, products, and content.  An 
argument has been presented for the establishment of environments that emulate the 
culture of authentic science. Focussing on individual learners, playing with ideas, and 
encouraging risk-taking and maintaining the level of challenge and support necessary for 
leaning are crucial strategies. Thirdly, the importance of open inquiry as a strategy to 
enhance learning in science is emphasized. Gifted students are challenged by complexity 
and ill-defined problems.  The opportunity to experience uncertainties, ambiguities, and the 
social nature of scientific work and construction of scientific knowledge provides them 
with the intellectual challenges desirable. It is important that gifted students in science 
consider themselves as part of communities of inquiry in which knowledge, practices, 
resources and discoveries are shaped; and where participants can draw on the expertise of 
more knowledgeable others whether they are peers, mentors or teachers.  
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